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Lai Oi Ming
ABSTRACT

Malaysia is the fattest nation in South East Asia. A recent survey
by Social Security Organization (SOCSO) Malaysia on 308,039
Malaysian employees in 2013 showed that 36.94% were overweight,
17.63% were obese, 13.14% had hypertension, 61.76% had
hypercholesterolemia and 8.45% had diabetes (The Star, 27 Feb
2015). Malaysians’ present lifestyle and culture were among the
reasons cited for the rise in these figures. Excessive intake of fat in
the diet has been linked to diseases such as heart disease, cancer,
obesity and possibly, gallbladder disease. Increased saturated fat
intake is associated with high blood cholesterol and increased
risk of coronary heart disease. It is difficult for individuals to
change their dietary habits to reduce or minimize fat intake, while
enjoying their favourite foods. This problem and the interest shown
by consumers in structured lipids led to the search, by the food
industry and scientific community, for “Healthy Fats of the Future”.
Just as micronutrients have been lauded to prevent disease, so
too has the effect of structured lipids like diacylglycerols (DAG)
on obesity and weight-related disorders. The physiological effect
of DAG is believed to be attributable to its metabolic pathway,
which is different from the normal triacylglycerol metabolism.
With structured lipids, we can combine the different positive and
nutritionally valuable fatty acids in palm oil to produce a potent
structured lipid with maximum benefits and minimum adverse
effects. The main aim of this talk is to provide a comprehensive
review of palm-based DAG with emphasis on the production,
process developments, applications and animal trials.
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Lai Oi Ming
INTRODUCTION

Generally, dietary fats and oils are classified as essential
macronutrients which are prerequisites to maintaining the
physiological functions of a human body (Skeaff and Mann, 2012).
Being the most energy sufficient source of food, supplying as much
as 9 calories energy, it provides us with the basic energy for daily
activities. It also serves as the building blocks of healthy cells,
carriers for fat-soluble vitamins, organ protector and body insulator.
Dietary fats and oils also play an important role in enhancing the
sensory and textural properties of food products (Drewnowski,
1997). The presence of dietary fats and oils indirectly improve the
palatability, mouthfeel, aroma, flavour and glossiness of food. Often,
fat-dense foods, such as deep fried and bakery products, are the ones
perceived to be more tasty to the consumers. However, increased
intake of these high-fat foods coupled with inadequate physical
activities may lead to overwhelming incidences of obesity and heart
diseases (Golay and Bobbioni, 1997). A recently published research
report also indicates that the prevalence of obesity is rather severe
in Malaysia as compared to other Asian countries with 45.3% of'its
population being overweight and the obese population forecasted to
skyrocket in the next decade (Ng et al. 2014). Obesity is basically
due to excessive fat accumulation in the body which poses a risk to
human health. Various research studies strongly associate obesity
with life-threatening diseases, such as heart disease, cancer, diabetes
mellitus and hypertension, besides mental trauma and physical
discomfort (Lavie et al., 2011, Lavie et al., 2009, Misra et al., 2010).
The above phenomenon has certainly prompted consumer
awareness in reducing the consumption of high fats diets and to
some extent triggered the mandatory governmental legislations to
control the intake of unhealthful fats such as trans fat and saturated
fats (Brownell and Pomeranz, 2014, Downs et al., 2013). This
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Diacylglycerols: Healthy Fats of the Future?

subsequently led to the search and discovery of better and healthy
dietary fats and oils or the so-called “functional oil/structured lipid”
(Osborn and Akoh, 2002). The term “functional oil or structured
lipid” refers to dietary fats and oils that have the potential to
promote health and reduce the risk of disease (Alabdulkarim et
al., 2012). The concept of structured lipids was first introduced
by Babayan (1987), for nutritional and medical purposes. At that
time, Babayan came out with a structured lipid called medium chain
triglyceride (MCT) that possessed the ability to be metabolised
rapidly compared to the conventional fats and oils. It was utilized
in the area of malabsorption cases particularly for patients that
were critically ill as well as an instantaneous energy drink for
athletes (Babayan, 1987). Thus, sometimes, the structured lipid
can also be referred to as “nutraceuticals” or “pharmafoods”.
With the advancement of science and technology, various types of
structured lipids which serve different purposes have been produced
commercially (Kirk et al., 2008). Table 1 summarizes the list of
various types of commercially available structured lipids together
with their respective methods of synthesis and applications.

[
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Table 1 List of various types of commercially available structured
lipids and their respective methods of synthesis and application

Str::;til(llred Company  Method of Synthesis Application
Betapol Loders OPO type fat sn-2 Human milk fat
Croklaan palmitic substitute
B.V. (The
Netherlands)
CAPRENIN  Procterand  Esterification of Low calories
Gambler behenic acid, capric synthetic fat
and caprylic with
glycerol
Behenin Fiji Oil Interesterification of Anti-bloom in
Corporation trioleic and behenic chocolate
Limited acid
Captex ABITEC Esterification of Low calories
MCT) Corporation  caprylic and capric synthetic fat
acid with glycerol
DAG Kao Glycerolysis Low calories
Corporation  between glycerol and  synthetic fat
triglyceride
MLCT Nisshin Interesterification of Low calories
Oillio MCT with long chain  synthetic fat
Limited triglyceride
SALATRIM  Nabisco Interesterification Low calories
of short triglyceride synthetic fat
(triacetin or butyrin)
with long chain
triglyceride
Structolipid ~ Pharmacia Interesterification of Total parental
AB MCFA and LCFA nutrition

(MCT = Medium chain triglyceride; DAG=diacylglycerols; MLCT = medium- and long-
chain triacylglycerols, MCFA = medium chain fatty acids; LCFA = long chain fatty acids)

S5im



Diacylglycerols: Healthy Fats of the Future?

In this 21% century, synthesis of the above mentioned and other
new types of structured lipids is made possible either with the aid
of enzyme lipases or chemical catalysts whereby these catalysts
are responsible for modifying the structure of the native fats and
oils to produce lipids with the desired functionalities (Iwasaki and
Yamane, 2000). When a chemical catalyst is used, the reaction is
more randomized in order thereby producing products that are less
pure. However, chemical catalysts incur lower production costs
compared to enzymes. Meanwhile, utilizing enzymes in fats and
oils modification has several beneficial effects. Enzyme catalyzed
reaction is more selective, specific, mild and environmentally
friendly. However, enzymes can be costly and more easily susceptible
to inactivation under harsh reaction conditions. Nevertheless, with
the development of various immobilization techniques, stable
enzymes that can be used repeatedly without losing their activity
have been developed, which can reduce the cost of production of
structured lipids (Bickerstaff, 1997).

The enzyme or chemical catalyzed lipid modification
reactions can be categorized into interesterification, esterification,
alcoholysis, acidolysis, hydrolysis and aminolysis, as shown in
Figure 1, depending on the type of substrate used for the reaction
(Gandhi, 1997). The modifications are made possible by placing
the desired fatty acid at a particular position in a triacylglycerol
molecule so that the fatty acids can be sent directly to the body
for nutritive and therapeutic purposes to combat certain diseases
and metabolic conditions, due to the improvement in the rate of
digestion, adsorption, and metabolism (Lee and Akoh, 1998).

Ultimately, lipid modification also results in the alterations either
in fatty acid composition or fatty acid position, which indirectly
affect the physicochemical characteristics of the triacylglycerol, like
crystallization and melting points and solid fat content (Lee et al.,
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2008; Mu and Porsgaard, 2005). Hence, at times, modification of
lipids is conducted to change the physicochemical characteristics
of conventional fats and oils in order to expand their application in
various food products. As long as substitution of structured lipids
does not affect the flavor and the safety of the food, structured lipids
can not only be utilized for food applications but also for medical
and nutritional purposes.

DIACYLGLYCEROLS - STRUCTURE AND
PROPERTIES

The structure of conventional oils or the so-called triacylglycerols,
where the glycerol backbone is attached to three fatty acids (FA), is
different from the ester of glycerol in diacylglycerols (DAG), where
the glycerol backbone is esterified with two FA. The two FA in
DAG can be esterified in different positions leading to the existence
of three stereochemical forms of DAG, namely, sn-1,2-DAG, sn-
1,3-DAG, and sn-2,3-DAG (Lo et al., 2008). Figure 2 shows the
structures of triacylglycerols and various isoforms of DAG.
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(¢]
Il
Hydrolysis R.—{'J:—OR. + HO €—> R-C-OH =+ R-OH

(o] o
o i i
Esterification RCOH + ROH £&—> RCOR + HO

o] (o]
1 [
Alcoholysis R-C-OR, + R,-OH «<——> R-C-OR, + R.-OH

1 % 1 9
Acidolysis R-C-OR, + R-C-OH €—> R+C-OR, + H.-ﬂé-OH

o] o]
; . |
Aminolysis n.é-on, + R-NH, «——> R—&—NHF&, + R.-OH

o] o] (o]
[ Il 1l
Interesterification n.éﬂon, + RC-OR, «——> H‘—E—OR, + R-C-OR,

Figure 1 Reactions catalysed by lipase
(Source: Borrelli and Trono, 2015)
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Figure 2 Structures of triacylglycerols (TAG) and various isoforms of
diacylglycerol (DAG) wherein R1, R2 and R3 are hydrocarbon chains
of fatty acids esterified on the glycerol backbone.

(Source: Madawala et al., 2011)
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These DAG isomers will undergo acyl migration to form
equilibrium at 30% - 40% of 1,2-(2,3-) DAG and 60%-70% of
1,3-DAG when “triggered” by the addition of an acid, alkali or heat
(Serdarevich, 1967; Takano and Itabashi, 2002). It can be seen that
1,3-DAG is more thermodynamically stable compared to 1,2-(2,3)-
DAG, mainly due to the steric effect of the molecule.

DAG is present in plant oils. It can be found naturally in various
edible oils at a level of around 2% to 10% (w/w) (Holcapek et al.,
2003). The relative content of DAG and other acylglycerols in
various edible oils is shown in Table 2. The DAG content can be as
low as 0.8% in rapeseed oil and as high as 10% in cotton seed oil.
Nevertheless, these values may vary depending on the variety of the
oil plant, processing parameters and storage conditions. However,
around 70% of the DAG that is present in vegetable oils appears
in the 1,3 isoform. Besides plants, DAG can also be produced
endogenously in the human body as a product of triglyceride
metabolism.
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DAG oil has several healthful benefits and is classified as a type
of structured lipid. The main nutritional functions of DAG oil vs
TAG oil are suppressive effects on postprandial serum triglyceride
and body fat accumulation (Maki et al., 2002; Nagao et al., 2000;
Takase et al., 2005). Most pre-clinical and clinical studies focus
on the use of DAG oil as an adjunctive therapy for managing body
weight through weight loss via reduction of body fat accumulation
as well as lowering the postprandial triglyceride level, especially
among the high body mass index population (Maki et al., 2002).
However, the intake of DAG has to be controlled wisely as when
weight loss happens in normal weight individuals after consumption
of DAG oil.

According to Flickinger and Matsuo (2003) DAG oil can only
“express” its beneficial effects at a concentration of at least 40%
(w/w) which is far greater than the DAG oil found in vegetable oil.
However, the high concentration of DAG oil can be enzymatically
or chemically synthesized. In 1999, Kao Corporation in Japan
became the first to develop and patent a cooking oil containing at
least 80% DAG where the ratio of 1,3-DG to 1,2 (2,3)-DG was about
7:3. Besides DAG, the oil also comprised some triacylglycerol (up
to 20%), some monoacylglycerol (up to 5%) and small amounts
of antioxidants and emulsifier to maintain the quality of the
DAG. The DAG manufactured by KAO Corporation is generally
produced from FA derived from vegetable oil and glycerol using an
immobilized 1,3 specific lipase through the esterification process.
The manufacturing flow can be divided into two main processes:
the production of DAG via enzymatic esterification reaction and the
refining process that is typically used in the production of edible oil.
The DAG oil was a successful product of KAO Corporation, Japan.
It has been sold widely in the Japanese and US markets under the
brand names Econa™ and Enova™, respectively, as the leading
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healthy cooking oils. In Japan, it has been marketed as “Food for
Specified Health Use”. To date, DAG has been given the GRAS
(Generally Recognized as Safe) status by the US Food and Drug
Administration. Sales of this functional edible oil accounts for 80%
of premium oils which constitute around 14% of the total Japanese
edible oil market worth ¥10 billion in the early 2000s (Flickinger
and Matsuo,2003). The typical FA and acylglycerol composition
of the KAO Corporation DAG is listed in Table 3.

Table 3 Fatty acid and acylglycerol composition of DAG oil
manufactured by KAO Corporation, Japan

Fatty acid composition %
Palmitic acid 3.0-35
Stearic acid 1.0-1.5
Oleic acid 38-40
Linoleic acid 47-49
Linolenic acid 8-9
Saturated fatty acid 4-5
Monounsaturated fatty acid 38-40
Polyunsaturated fatty acid 55-58

Acylglycerol distribution

Monoacylglycerol 0.4-1
Diacylglycerol 82-87
Triacylglycerol 12-18

(Source: Matsuo, 2004)
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By virtue of its physical properties, DAG oil has special
physicochemical characteristics due to the presence of a free
hydroxyl group in the structure of the DAG. Hence, the strong
hydrogen bonding of the hydroxyl group and fatty acid chain
arrangement of the DAG isomers ultimately result in the 1,3-DAG
having approximately 10 °C higher melting temperature than that
of TAG, while that of 1,2-DAG is approximately 10 °C lower than
that of 1,3-DAG of the same fatty acid composition (Bockish, 1998;
Formo, 1979). Further, the conformation of 1,3-DAG appears in
V-shaped form, while the 1,2-DAG is hairpin-shaped. The different
types of molecular arrangements of the DAG isomer are associated
with its polymorphic form. 1,2-DAG exhibits a- and ’-forms but
has no -form; while 1,3-DAG has no a-form, but exhibits two types
of B-form; B1 and the more unstable B2 (Nakajima et al., 2004)

In a study to compare the energy value and digestibility of DAG
and TAG, Taguchi et al. (2001) found no significant differences in
terms of energy value and digestibility between two groups of rats
fed with DAG or TAG containing diets. The energy value of DAG
is 38.9 kl/g, while the energy value of TAG is 39.6 kJ/g. In terms
of digestibility of DAG, digestibility of the rats fed with DAG and
TAG were similar at 96.3 + 0.3% and 96.3 £ 0.4%, respectively
(Taguchi et al., 2001).

SAFETY AND REGULATION OF
DIACYLGLYCEROL OIL

DAG oil has a long history of use where it existed in the human
diet as a natural diacylglycerol in the common vegetable oils or
as components in the emulsifier system. Human consumption of
diacylglycerol in the U.S population is estimated to be 3g/d. Although
DAGs are indirectly consumed substances, DAG oils, when used as
cooking oil by itself or as a main ingredient in prepared food, are
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perceived to give different exposure to consumers. Hence, oil or
food products containing high concentration of DAG are required to
undergo formal safety evaluation according to modern standards.
Nevertheless, since DAG oil is already present in the common
food in measurable amounts and has a long safe history of use,
the Food and Drug Association (FDA) considers it as a candidate
for GRAS, which indicates that there are no concerns regarding
its safety. The initial self-affirmation as GRAS is claimed by two
categories which are, home cooking oil use and use in margarine
spreads. Additionally, the GRAS categories were further extended
into 10 categories which include: home cooking oil, margarine
spread, bakery products, dressing for salad, pizza, mayonnaise,
breakfast/snack/power bars; soup/gravies, meal replacement and
frozen dinner/entrees. The energy content of the DAG oil was
labeled as 120 kcal/serving, which is equivalent to that of vegetable
oil, and this is determined by the bomb calorimetry and direct animal
measurement (Taguchi et al., 2001). DAG oil typically contains 0.5
g saturated fat, 8 g polyunsaturated fat and 5 g of monounsaturated
fat per serving. The published studies on animals and humans which
have demonstrated that DAG is likely to be delivered directly to
the liver for beta-oxidation have prompted it to be labelled and
advertised as “less likely to be stored as body fat”. Furthermore,
sufficient evidence from these studies created a second label claim
of “one is able to maintain a healthy weight when using DAG oil
as part of a sensible diet”. Additionally, further studies support the
third claim: “triglycerides in the blood stream are lowered following
a meal compared to that with the use of conventional oil”. Hence,
in Japan, the Ministry of Health and Welfare approved DAG oil as
Food for Specified Health Use (FOSHU) in 1999. In the following
year, a professional association of Japanese physicians, further
suggested DAG to be beneficial in improving human health. Further,
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as of December 2007, DAG oil has been authorized for marketing
in Japan, United States, European Union, Canada, Australia/New
Zealand and Brazil. Various studies concerning the safety of DAG
oil, in relation to its genotoxicity, acute toxicity, subchronic toxicity
or metabolic, has been established in animals, in vitro and humans.
The results are consistent in supporting the lack of toxicity of
ingested DAG oil (Morita and Soni, 2009; Yasunaga et al., 2004).
No evidence of mutagenicity or genotoxicity was found in vitro
and in vivo assays (Kasamatsu et al., 2005). Moreover, long term
studies have shown DAG oil to give no carcinogenicity at doses
up to 2500mg/kg body weight/d for up to 2 years in rats and up to
2500mg/kg body weight/d for 1 year in dog subjects. Numerous
clinical studies with healthy adult volunteers showed DAG oil to be
well tolerated at doses as high as 45 g DAG oil’kg body weight/d
or 450mg DAG oil/person/d for 100 kg persons without reported
adverse effects and with outcomes similar to those seen with TAG
oil. Similarly, children and individuals with adverse diabetes and
uremia showed no signs of adverse effects after incorporating DAG
oil into their diet (Kasamatsu ef al., 2005).

PRODUCTION OF DIACYLGLYCEROL OIL

In general, DAG can be produced by esterification of fatty acids
and glycerol (Lo ef al., 2007, Lo et al., 2004a, Lo et al., 2004b),
glycerolysis between TAG and glycerol (Yang et al., 2004), partial
hydrolysis of TAG in presence of water (Cheong et al., 2007),
interesterification between TAG and MAG (Weber and Mukherjee,
2004) or a combination of partial hydrolysis and esterification
reactions (Yamada et al., 2001). The aforementioned reactions can
either be catalysed by inorganic chemical catalysts, such as sodium,
potassium or calcium hydroxides, or biodegradable enzyme lipases.
Both processes have their pros and cons. Although the chemical
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approach is cheaper, the process is conducted at high temperatures
(220°C-260°C) and often requires extensive purification steps to
ensure desirable product quality. In contrast, the enzymatic method
is more environmental friendly and requires only mild reaction
conditions.

The esterification process is the most direct method of producing
diacylglycerol. It should be noted that the removal of water formed
during esterification is essential to push forward the esterification
reaction for the formation of diacylglycerol. In the early study of
DAG production, Mazur and George, (1992) employed 1,3 position
specific immobilized lipase to catalyze the esterification of fatty
acid anhydride with glycerol in water immiscible hydrocarbon or
chlorinated hydrocarbon to produce DAG with 41% (w/w) yield.
Yoon et al. (2004) disclosed the production of DAG by esterifying
MAG with conjugated linoleic acids in the presence of lipase.
Additionally, Lo ef al. (2007) produced DAG through enzymatic
esterification of: i) oleic acid (Table 4); ii) palmitic and oleic acid
mixture (Table 5); and iii) stearic and oleic acid mixture (Table
6) with glycerol, in a packed bed reactor where approximately
50 - 60 % of DAG was obtained and a minimum of 15 - 25 % of
TAG was produced simultaneously. Further purification process
resulted in around 90% DAG. This method produces specific
DAG species: 1,3(2)-diolein-enriched, 1-palmitoyl-3(2)-oleoyl
glycerol- and 1-stearoyl-3(2)-oleoyl. Interestingly, the study found
that the Lipozyme RM IM lipase displayed preference towards the
production of oleic acid-enriched DAG as compared to palmitic
acid-enriched DAG and stearic acid-DAG. To reduce the production
cost of DAG, Lo ef al. (2004a) and Lo et al. (2004b), in another
study, carried out an enzymatic esterification of fatty acid deodorizer
distillate of corn oil and soybean oil obtained from refineries with
glycerol to produce DAG with 80% yield.

1l 16
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Table 4 Oleic acid incorporated DAG and TAG yields and DAG
composition from pilot packed-bed enzyme reactor productions

DAG TAG DAG composition (wt. %)’
Production yield yield

No. (wt.  (wt. 1300 1200
%) %)

1 539 181 56.8 14.4
2 543 227 55.2 12.5
3 567 24.1 55.1 13.3
4 561 225 56.1 14.4
5 582 23.6 53.1 13.2
6 566 205 547 15.1
7 558 24.6 55.6 14.8
8 533 214 55.0 13.2
9 542 237 54.1 11.2
10 511 197 56.5 14.4

1300 = 1,3-diolein; 1200 = 1,2-diolein (Source: Lo et al., 2007)

17 1m
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Table 5 Palmitic and oleic acid incorporated DAG and TAG yields and
DAG composition from pilot packed-bed enzyme reactor productions

DAG TAG DAG composition (wt. %)!
yield yield
(wt. %) (wt. %)

43.8 19.2 4.8 114 127 58 02 03

Production
No.

1300 1200 13PO 12PO 13PP 12PP

Ju—

2 47.7 16.9 52 125 141 63 02 03
3 46.8 14.9 5.1 123 139 60 02 03
4 472 12.8 5.1 124 139 62 02 03
5 47.2 133 5.1 122 137 62 02 04
6 46.3 11.0 5.0 121 136 61 01 03
7 452 12.3 5.0 11.8 134 58 02 03
8 46.4 11.7 5.0 122 137 61 02 03
9 46.9 13.5 5.1 122 136 62 02 04
10 47.3 12.4 5.1 124 139 62 02 03

1300 = 1,3-diolein; 1200 = 1,2-diolein; 13PO = 1-palmitoyl-3-oleoyl glycerol; 12PO =
1-palmitoyl-2-oleoyl glycerol; 13PP = 1,3-dipalmitin; 12PP = 1,2-dipalmitin
(Source: Lo et al., 2007)

Table 6 Stearic and oleic acid incorporated DAG and TAG yields and
DAG composition from pilot packed-bed enzyme reactor productions

DAG TAG DAG composition (wt. %)!
yield yield
(wt. %) (wt. %)

1 41.6 29.1 1.6 05 112 33 250 05
2 48.2 235 2.1 05 128 38 283 05
3 493 21.2 1.7 04 135 37 307 04
4 511 19.0 2.0 06 137 40 296 04
5 49.8 223 1.5 06 125 40 283 05

Production

No. 1300 1200 13SO 12SO 13SS 12SS

1300 = 1,3-diolein; 1200 = 1,2-diolein; 13SO = 1-stearoyl-3-oleoyl glycerol; 12SO =
1-stearoyl-2-oleoyl glycerol; 13SS = 1,3-distearin; 12SS = 1,2-distearin (Source: Lo et al.,
2007)
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Apart from esterification, diacylglycerol can also be synthesized
using the transesterification process. Toshinori et al. (2000) has
transesterified MAG with TAG for DAG production. The processes
ofutilizing MAG as raw material for DAG production however, may
not be industrially cost efficient as MAG is relatively expensive.

In another process, Yamada et al. (2001) used a combination
of hydrolysis and esterification reactions for DAG production,
whereby the TAG is first hydrolyzed into free fatty acids (FFA)
prior to esterification of these fatty acids with glycerol.

Lai et al. (2005a-b, 2006a-d) further filed 5 patents in
Malaysia (PI 20066218), Europe (EP1803819), United States
(US2007/0148745), Japan (2007-175049) and PCT International
(W02007/075079), for the enzymatic partial hydrolysis method
for diacylglycerol production from triacylglycerol. This invention
involves the reaction of triacylglycerol with water and enzymes
to obtain a mixture of diacylglycerol, monoacylglycerol and free
fatty acids. A high purity of diacylglycerol can be obtained after
the removal of the water content, monoacylglycerol, free fatty acid
and residual triacylglycerol. The advantage of this process lies in
its single-step hydrolytic reaction. Similar work was carried out by
Cheong et al. (2007) and Phuah et al. (2012), which utilized the
lipase Rhizomucor meihei (RMIM) catalyzed enzymatic partial
hydrolysis process for palm-based diacylglycerol production.
Cheong et al. (2007) managed to obtain approximately 32 wt % of
palm-based diacylglycerol using the following reaction conditions:
50 wt % water content, 10 wt % enzyme load, 65°C of reaction
temperature and 12 h of reaction time. Following the short path
distillation, palm-based diacylglycerol of 90% purity can be
obtained from the crude palm-based diacylglycerol.
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Choo et al. (2006) disclosed another interesting method
whereby short path distillator under vacuum of not more than 0.01
Torr, at temperature of 300 °C and below, was used for the synthesis
of DAG oil from vegetable TAG oil.

Additionally, palm kernel based diacylglycerol (PKDG) was
produced by Tang (2013) using the glycerolysis process in a packed
bed reactor. In this glycerolysis process, the glycerol is added in
a stepwise manner (5 portions, every half hour once) where the
weight ratio of glycerol/oil was 1.45:10. He found that the PKDG
content increased from 1.6+0.0% to 43.5% and the triacylglycerol
content decreased from 98.4% to 11.5%, after 9 hours of reaction
(Figure 3).

100.0 x

=====FFA-MG
20.0 \\ —DG
80.0 | Y\ —_TG
70.0 \’i
60.0 \ e
50.0 - \ e . S e

40.0
30.0
20.0
10.0

Acylglyverol composition (%)

0 1 2 3 4 5 6 7 8 9 10
Reaction Time (h)

Figure 3 Time screening for acylglycerol composition of PKDG in
pilot scale reactor (FFA-MG, DG and TG). FFA-MG, free fatty acids
and monoacylglycerol; DG, diacylglycerol; TG, triacylglycerol; Values
are mean+SD of triplicate data.

(Source: Tang, 2013)
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Although the PKDG content reached 41.6% at 3 hours, the
reaction was left to proceed till 9 hours as the undesired TG content
still remained high at 3 hours of reaction and this can affect the
subsequent purification process. Figures 4 and 5 show the HPLC
fingerprints of PKDG before and after purification, respectively.
The crude PKDG produced was further subjected to short path
distillation for purification to remove the unnecessary free fatty
acid, monoacylglycerol and triacylglycerol in the mixture. The
purification process managed to yield DAG of purity of around 90%.
In another study, Sugiura et al. (2002) also used low temperature
(0°Ct025°C) glycerolysis process to produce DAG where glycerol
and TAG were the main substrates.
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Apart from using the enzymatic approach in the synthesis of
DAG, several studies have also been carried using the chemical
catalyst or combination of both methods for DAG production.
Utilization of resin has several beneficial outcomes. Resin is low
in cost, easily separated, and can be reused for many cycles. It
can be regarded as a green chemical catalyst because no toxic
wastewater is generated in the process. Jacob et al. (2003) used
similar glycerolysis approach using TAG and glycerol as the
substrates for DAG production. Nonetheless, this reaction is aided
by chemical catalyzed potassium acetate and requires relatively
high reaction temperature of 190°C to 240°C which may incur a
significant energy cost. Study on the production of 1,3(2)-diolein-
enriched, 1-palmitoyl-3(2)-oleoyl glycerol- and 1-stearoyl-3(2)-
oleoyl glycerol-enriched DAG using macroporous ion exchange
resin-catalysed esterification of palm fatty acids with glycerol was
carried out by Lo et al. (2007). The reaction, performed for 1.5
hr at 110°C, in the presence of 25% resin, produced around 40
wt. %, DAG and 2.5-6.0 wt. % of TAG. Various stereoisomers of
DAG were obtained using oleic acid (Table 7), palmitic and oleic
acid (Table 8) as well as stearic and oleic acid (Table 9) as the
starting material. The chemical catalyst only displayed preference
towards the production of oleic acid-enriched DAG. As compared
to the previous study conducted by Lo et al. (2007), which used
1,3 specific lipase enzyme for DAG production, a slightly higher
DAG yield (by 10-15 wt. %) can be obtained using Lipozyme RM
IM lipase than the resin catalyst. However, the corresponding TAG
yield obtained using Lipozyme RM IM was 4-5 times higher than
that obtained with the resin catalyst. A patent was filed for the
production of diacylglycerol using heterogenous catalyst consisting
of ion-exchange resin (Lai et al., 2006¢).
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Table 7 Resin-catalysed oleic acid incorporated DAG and TAG yields
and DAG composition from pilot packed-bed reactor production

iti [ YAV
Production D.AG ”[:AG DAG composition (wt. %)
No yield yield
1 42.9 8.1 58.6 11.1
2 40.3 7.7 59.4 10.5
3 38.4 6.1 60.1 123
4 39.2 8.5 57.1 12.7
5 40.5 6.6 61.1 10.6

1300 = 1,3-diolein; 1200 = 1,2-diolein. (Source: Lo et al., 2007)

Table 8 Resin-catalysed palmitic and oleic acid incorporated DAG
and TAG yields and DAG composition from pilot packed-bed reactor

production
. DAG TAG DAG composition (wt. %)!
Production . .

No yield yield

. (WE. %) (wt, %) 1300 1200 13PO 12PO 13PP 12PP
1 40.5 5.1 235 44 105 15 05 0.1
2 40.2 4.6 245 40 99 1.2 05 0.1
3 39.1 4.6 232 41 100 1.1 06 0.1
4 38.2 4.4 23.1 40 95 1.0 05 0.1
5 41.8 4.8 250 44 104 14 05 0.1

11300 = 1,3-diolein; 1200 = 1,2-diolein; 13PO = 1-palmitoyl-3-oleoyl-glycerol; 12PO =
1-palmitoyl-2-oleoyl-glycerol; 13PP = 1,3-dipalmitin; 12PP = 1,2-dipalmitin
(Source: Lo et al., 2007).
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Table 9 Resin-catalysed stearic and oleic acid incorporated DAG
and TAG yields and DAG composition from pilot packed-bed reactor
production

DAG TAG DAG composition (wt. %)
yield yield (wt.
wt.%) %) 1300 1200 13SO 12SO 13SS 12SS

Production
No.

1 37.5 2.6 14.4 34 8.5 4.1 57 15
2 39.2 2.5 153 3.8 8.9 4.2 6.0 1.6
3 383 2.2 15.2 3.6 9.0 4.1 56 1.7
4 40.1 2.5 15.2 34 9.5 44 59 15
5 39.8 23 153 34 9.0 44 65 14

11300 = 1,3-diolein; 1200 = 1,2-diolein; 13SO = 1-stearoyl-3-oleoyl-glycerol; 12SO =
1-stearoyl-2-oleoyl-glycerol; 13SS = 1,3-distearin; 12SS = 1,2-distearin
(Source: Lo et al., 2007).

HEALTH BENEFITS OF DIACYLGLYCEROL OIL

In the early 2000s, DAG oil received tremendous interest as a
replacement for native fats and oils for obesity management
(Flickinger and Matsuo, 2003) . The beneficial effects of DAG
oil typically lies in the structure of DAG itself, particularly the
1,3-isoform DAG which has metabolic characteristics distinct
from TAG (Hideto, 2007). Figure 6 shows the metabolic pathways
of DAG and TAG.
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Figure 6 Metabolic pathway of DAG and TAG
Source: (Matsuo, 2004)

Digestion of DAG was performed by similar gastrointestinal
enzymes that hydrolyse TAG. Nevertheless, once digested, DAG
does not follow the re-synthetic pathway of TAG, which includes
the 2-monoacylglycerol (2-MAG) pathway and the glycerol-3-
phosphate (GP) pathway (Friedman and Nylund, 1980). Upon
digestion, TAG is hydrolyzed by pancreatic lipase, which is
1,3-specific, into FFA and 2-MAG in the small intestine. 2-MAG
is absorbed into small intestine epithelial cells where they are re-
esterified into TAG. Subsequently, re-esterified TAG is released
into the intestinal lymph and blood circulation as chylomicron, a
spherical lipoprotein. Once in the circulatory system, chylomicron
is degraded into fatty acids which have the tendency to attach to
the inner side of capillary vessels in the heart, muscle and adipose
tissue. On the other hand, 1,3-DAG is digested into 1(3)-MAG in
the small intestine. As 1(3)- MAG is poorly re-esterified into TAG,
release of chylomicron into the intestinal lymph will be lower.
Thus, formation of clots at the capillary vessels and fat deposits
in the adipose tissue are lower (Matsuo, 2004). This subsequently
leads to the reduction of TG-rich lipoprotein, serum TAG and the
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postprandial hyperlipidemia, which is contributed by 1,3-DAG
particularly (Flickinger and Matsuo, 2003; Rudkowska et al., 2005;
Tada, 2004; Yanai ef al., 2007).

Further, the fat suppression effect of DAG is mainly contributed
by the increases in the rate of B-oxidation upon ingestion of DAG
oil (Kamphuis et al., 2003). B-oxidation of fat is the most important
element in weight reduction. High level of -oxidation will suppress
accumulation of visceral abdominal fat. The study found that
enzymatic activity for B-oxidation in rats’ livers increased when rats
were fed diets containing 10% of DAG. In coherence, enzymatic
activity for fatty acid synthesis in rats’ livers decreased upon intake
of 10% of DAG (Murase et al., 2001). Another study by Murase ef
al. (2001) on obese mice also showed that high DAG diet increased
hepatic acyl-coenzyme Oxidase activity in mice is responsible for
oxidizing the fat in hepatic cells. Additionally, B-oxidation and lipid
metabolism-related gene expression in C57BL/6J mice was found
to be stimulated by the intake of dietary DAG. UPC-2 mRNA was
also increased in the small intestine of these obese mice. There
was also an elevation in the UPCs expression indicating increased
thermogenesis, and therefore, boosting the energy expenditure
(Murase et al., 2005).

Several case-control human studies have been conducted to
determine the effect of DAG oil consumption on body weight and
body fat. Nagao ef al. (2000) conducted a comparative study on
body weight of 38 healthy Japanese men who consumed DAG oil
and TAG oil for 16 weeks. They observed significant (P<0.01)
reductions in body weight (-2.6 + 0.3 kg), body fat (-22 + 3.0
cm?) and waist circumference (-4.4 + 0.6 cm) in the subjects who
consumed DAG oil. The Chicago Centre for Clinical Research
(CCRC) conducted a parallel double-blind study which involved
127 overweight or obese adults ingesting DAG or TAG diets for a
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period of six months. The subjects consuming the DAG diet were
found to have significant decrements in body weight and body fat
(Matsuo and Tokimitsu, 2001). In another study conducted among
131 overweight subjects in Japan, who consumed 15% of total
energy from DAG oil for six months, Maki et al. (2002) found
significant loss (P < 0.01) in terms of body weight and body fat
among these overweight subjects. Similarly, Nagao et al. (2000)
found that DAG oil managed to decrease the total fat, visceral fat
area and subcutaneous fat in 38 healthy men with BMI: 21.8 kg/m?
to 27.4 kg/m? compared to the TAG group, when taken for 16 weeks.
In a randomized crossover study, Tada et al. (2005) observed that
in moderately diabetic subjects postprandial serum TG and lipids
was reduced after ingesting emulsified DAG oil or as compared
with TAG load.

Much of the literature on clinical and pre-clinical studies
conducted on DAG were on long chain unsaturated linoleic/oleic
acid-based DAG (Eom et al., 2010; Murase ef al., 2005; Murase
et al., 2002; Murase et al., 2001; Nagao et al., 2000; Taguchi et
al., 2002). In fact, fatty acid chain length and degree of saturation
in the DAG itself may pose varied health effects on the body. Tang
et al. (2013) found that consumption of both the palm kernel-
based diacylglycerol oil, which comprise mainly medium chain
fatty acids, and the soy canola- based diacylglycerol have the
ability to significantly reduce fat accumulation in the epididymal
and retroperitoneal region in C57BL/6N mice, as compared to
high-fat diet of 30% palm kernel TG (PKTG) (Table 10 & Figure
7). Compared to TAG, the structural differences in DAG is the
main factor contributing to its anti-obesity effect. In a study both
the PKDG and SCDG were able to significantly reduce serum
glucose, cholesterol, leptin, and insulin levels compared to PKTG
(Table 11). The study also showed that both the PKDG and SCDG
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reduced the expression of apolipoprotein B mRNA in mice subjects,
indicating the potential of PKDG and SCDG in reducing low-
density lipoprotein levels in the body. Meanwhile, in terms of gene
expression, the expression of acyl-CoA synthase long chain (ACSL)
and acyl-CoA synthase medium chain mRNA in the small intestine
increased after the ingestion of PKDG. SCDG however induced
high expression of ACSL in the liver as well as the small intestine,
suggesting that the types of fatty acids that make up DAG may
potentially induce B-oxidation in different organs in mice subjects.

Table 10 Initial body weight, final body weight, energy intake, feed
efficiency, fecal lipids in C57BL/6N mice

High Fat diets

Control PKTG PKDG SCDG

Initial body weight  22.52 + 2218+ 2311+ 2290+

(2) 1.992 2.247 0.812 1.332
Final body weight 26.99 + 29.68+ 28.06+ 2790+
(g) 1.58° 3.17° 2.82%® 3.32%
% body weight 19.85 + 3383+ 2143+ 2168+
gain 7.56°¢ 19.172 11.82° 12.33°
Energy intake 16.05 + 1823+ 16.87 % 17.16 +
(kcal/cage/day) 3.02° 1.742 1.42:® 1.672
Feed efficiency (g/ 0.28 £ 041+ 0.29 £ 0.29 +
[kcal/cage/day]) 0.02° 0.08 0.05" 0.06°
Fecal lipids (mg/g 27.0 £ 475+ 470+ 508+
dried feces) 3.21¢ 4.81° 2.87 2.98

Mice were fed with respective diets for 16 weeks. Initial, final body weight and energy
intake were determined. Means with the different letters (a and b) are significantly different
(p <0.05); control is diet with 5% of PKTG; PK, palm kernel; SC, soy-canola blend; DG,
diacylglycerol; TG, triacylglycerol; The feed efficiency was calculated as follows: [body
weight gain per cage (g)]/[kcal of food consumed per cage per day]; Values are mean + SD
(n=10). (Adapted from Tang et al., 2013)
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Figure 7 Fat pad weight in C57BL/6N mice after 16 weeks of feeding
with control which is 5% PKTG, PKTG, PKDG and SCDG oil.
PKTG; PK, palm kernel; SC, soy-canola blend; DG, diacylglycerol;
TG, triacylglycerol; Means with the different letters (a and b) are
significantly different (p < 0.05); Values are mean + SD (number of
mice, n = 10) (Source: Tang et al., 2013)
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Table 11 Fasting serum analysis for C57BL/6N mice fed with control,
PKTG , PKDG and SCDG oil

High Fat diets
PKTG PKDG SCDG

159.56+ 23513+ 179.04+ 17329+
18.13° 41.24 33.74° 32.71°

Control

Glucose (mg/dl)

Triacylglycerol 24.58 + 33.67 + 40.03 = 3631 +
(mg/dl) 15.23° 13.87% 20.40° 9.29%

Total cholesterol  129.18 =+ 180.03 + 143.17 + 134.28 +
(mg/dl) 28.42° 30.222 26.55° 16.63°

99.19+ 15046+ 103.56+ 12440+

LDLamg/dl)  “po050 42620 2463 27.68%

36.51 32.62 28.33 £ 28.41 +

HDLamg/d) — “jo6g 5700 507 4.06"

After 16 weeks feeding trial, blood was collected after 12 h of food deprivation on the final
day. Means with the different letters (a and b) are significantly different (p < 0.05); control
is diet with 5% of PKTG; PKO, palm kernel, SC, Soy-canola blend; DG, diacylglycerol,
TG: triacylglycerol; Values are mean + SD (number of mice, n = 10) (Source: Tang ef al.,
2013)

APPLICATIONS OF DIACYLGLYCEROL OIL

Since the consumption of DAG oil offers positive effects for weight
management (Nagao et al., 2000; Maki et al., 2002; Teramoto
et al., 2004), visceral fat, post prandial and fasting triglyceride
(Taguchi et al., 2001; Tada et al., 2005), it has prompted great
interest among food scientists to incorporate DAG oil into a
variety of food products. DAG was authorized, in 2006, as a novel
food ingredient for use in cooking oil, fat spreads, salad dressing,
mayonnaise, drinks and bakery products. Due to the existence
of the hydrophilic OH group in the molecular structure of DAG,
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DAG displays distinct physicochemical properties compared to
triacylglycerol. Not only will the incorporation of DAG provide
the aforementioned health benefits, the DAG structure by itself
allows for ease of its applications in food products, particularly for
products of water-in-oil or oil-in-water emulsions. The presence
of the hydrophilic portion enhances the emulsification and
stability of the DAG emulsion allowing it to function alongside
monoacylglycerols (MAG) to act as non ionic emulsifiers and
stabilizers in the food, cosmetic and pharmaceutical industries,
at varied degrees of purity (Nakajima, 2004). The emulsification
properties and interfacial phenomena of DAGs were examined by
Shimada and Ohashi (2003).

Meat emulsion substituted with DAG was found to be more
elastic and solid compared to when lard was used for meat emulsion
(Miklos et al., 2011). DAG managed to improve the hydration and
binding properties of the meat emulsion. When lard was substituted
with 50% and 100% of DAG, the meat emulsion formed gave no fat
separation. The total expressible fluid also decreased from 28.2%
to 11% when the lard was completely substituted with DAG.

Mayonnaise and salad dressing are oil in water food products
where liquid oils are used. Mayonnaise typically contains oil
(65% - 80%), egg yolk, vinegar and seasonings. DAG mayonnaise
prepared with normal egg yolk is comparable in taste, flavour and
colour to the TAG mayonnaise, though the former has slightly higher
viscosity. Under accelerated preservation conditions (>40°C),
however, DAG mayonnaise stored in laminated tubes and glass
container had cracks, causing the aqueous phase to be released into
the cracks. However, when phospholipase treated egg yolk was used
in the preparation of DAG enriched mayonnaise, no cracks were
observed (Kawai, 2004). Phuah et al. (2016) made an attempt to
substitute the soybean oil in mayonnaise with palm-kernel based
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diacylglycerol (PKDG). Figure 8 shows the mayonnaise sample
prepared with PKDG and soybean oil. The study found that up to
10% PKDG was suitable to be incorporated in healthy mayonnaise
formulation which gave similar rheological and textural properties
with the control which consisted of 100% soybean oil (SBO). All the
mayonnaise samples exhibited high emulsion stability with a small
emulsion droplet size, except for the sample substituted with 20%
PKDG. Figure 9 shows the microscopic image of the oil globules
in the mayonnaise samples. Replacing up to 15% of PKDG with
soybean oil managed to improve the firmness and consistency of
the mayonnaise (Table 12).

Figure 8 Mayonnaise samples. A:100% SBO, B: 5% PKDG 95% SBO,
C: 10% PKDG 90% SBO, D: 15% PKDG 85% SBO, E: 20% PKDG
80% SBO, where SBO represents soybean oil and PKDG represents

palm-kernel based diacylglycerol. (Source: Phuah ez al., 2016)
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Figure 9 Microscopic image of oil globules in mayonnaise sample.
A:100% SBO, B: 5% PKDG 95% SBO, C:10% PKDG 90% SBO,
D:15% PKDG 85% SBO, E: 20% PKDG 80% SBO, where SBO
represents soybean oil and PKDG represents palm-kernel based

diacylglycerol (Source: Phuah et al., 2016)

Table 12 Texture analysis and rheological properties of mayonnaise

samples
SBO:PKDG Firmness Consistency (gsec) G'G” crossover
(8)
100:0 2028 £3.1¢ 1376.8 £ 17.6% 250.8:9.0¢
95:5 246.2+ 6.7® 1813.8 + 189* 226.5£12.3*
90:10 2309 £ 3.2 1550.5 +74.5° 133.1£2.2¢
85:15 265.9 £ 0.5 1542.7£ 41.2° 163.6£12.8°
80:20 181.2 £7.8¢ 1156.8+ 32.3¢ 148.745.9%

(Source: Phuah et al., 2016)
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Mori et al. (2000) studied the use of DAG oil as frying medium.
The resultant fried food which consisted of potatoes, chicken and
doughnuts had low water content which prevented it from getting
moist easily and reduced its crispiness over a prolonged period of
time. Similar to Mori et al. (2000) Kudo et al. (2005) also reported
using DAG oil as a medium for frying or baking potatoes. The
potatoes fried or baked in DAG oil had lesser water content, pleasant
texture and taste, and higher shelf life. However, at times, frying
applications with DAG oil is an issue. This is because DAG tends to
have a lower smoke point (30-40°C) than TAG oil with similar fatty
acid composition due to its lower molecular weight. Nevertheless,
Sakai et al. (2006) showed that the stability of DAG can be enhanced
with the addition of a fatty acid L-ascorbic ester, catechin, or a
natural plant extract, such as rosemary, sage and turmeric extracts,
which prevent it from moving towards oxidation besides giving
better flavor and appearance. Further study by Sakai et al. (2006)
revealed that DAG oil can withstand thermal oxidation or hydrolysis
during prolonged heating or storage with reduced smoking as well,
when the oil composition is used for frying purposes, with the
addition of 70 ppm of one or more types of organic carboxylic acids,
such as two- to eight-carbon hydroxycarboxylic or dicarboxylic
acids and their derivatives.

TAGs consist mainly of medium-chain fatty acids, such as the
lauric acid-rich coconut oil which is commonly used as ice cream
coating fat. A fascinating study conducted by Cain et al. (1999)
utilized 50-90% (w/w) DAG and 10-50% (w/w) TAG of vegetable
origin as an ice cream coating fat. It was found that this ice cream
coating fat resulted in a product that is softer and less brittle but
had quicker and smoother meltdown than cocoa butter-based coating
fats.
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Typical water-in-oil emulsion food includes margarine and
fat spreads that are not only consumed at table but also widely
used in bakery and confectionery products. The fat/oil content for
margarine should be >80% and that of spread, <80%. Plastic fats
used in bakery products, such as margarine and shortening, are
commonly produced from physical blending of liquid oils with
solid fats, hydrogenated or interesterified vegetable oils, which
may contain high levels of trans fatty acids or saturated fatty acids
that are detrimental to health. Substituting the TAG in plastic fats
with DAG fat such as palm DAG, partly can thus be an attractive
alternative to enhance the overall healthful value and nutritional
benefits of the plastic fats.

Stearin fraction of palm-based diacylglycerol when blended
with palm mid fraction at the ratio of 50:50 and 60:40 (w/w) were
found to be most feasible for the preparation of DAG-enriched
shortening (Latip ef al., 2013). Further, Cheong et al. (2011) also
blended the purified palm-based diacylglycerol (PDG) with palm
stearin (PS) for application as bakery shortening. The PDG-enriched
shortenings with DAG oil content of 50% (DS55), 60% (DS64)
and 70% (DS73) and commercial shortening (CS) were assessed
for their baking performance in Madeira cakes. It was found that
Madeira cakes baked using PDG-enriched shortenings had higher
specific volumes ranging from 105% to 108% as compared to
Madeira cakes prepared with CS shortening. The enhancement
may be due to the emulsifier property of PDG which enhanced
air-bubble incorporation and promoted gas bubble stability in the
cake batter. Stabilization of the incorporated gas bubble eventually
led to the formation of cakes with higher specific volume (Cauvain
and Young, 2009). Additionally, sensory evaluation showed that
panelists liked all the cakes prepared from different shortenings with
overall acceptability range from 6.6 to 6.9 (Figure 10). Substitution
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of DAG enriched shortening did not affect the colour, texture, aroma
and taste of the Madeira cake.

Mean Score:
[ A -~

Texture Aroma Taste

acceptabity
Attributes

[ ecs  ooDss5  poss  woST3 |

Figure 10 Mean panelists’ ratings for Madeira cakes prepared
withdifferent shortenings determined from acceptance tests. (PDG-
enriched shortening with DAG oil content of 50% (DS55), 60% (DS64)
and 70% (DS73) and commercial shortening (CS)

(Source: Cheong et al., 2011)

Additionally, Cheong et al. (2010) blended PDG with palm
olein for application as potential bakery margarine. The mixture
had melting point and SFC profile almost similar to the commercial
palm-based bakery margarine. However, production of bakery
margarine from these fat systems can be quite costly. In an attempt
to reduce the production cost, palm stearin of IV44 was blended
into the mixture to produce ternary fat systems suitable for bakery
margarine application. These ternary systems were plastic-like fat
which was neither solid nor liquid at room temperature. At body
temperature, they had low percentages of solids. All the blends
crystallized in a mixture of B’ and B forms and were composed of
small structures. They were also good emulsifying agents.

1l 38



Lai Oi Ming

This PDG enriched margarine was further utilized to prepare
Madeira cakes. Trained panelists found the Madeira cakes prepared
from PDG-enriched margarine to contain higher moisture content,
softer and airier texture than that with CS shortening. The presence
of PDG acting as emulsifier reduced the surface tension between
the fat and aqueous components, which permitted the fat globules
to be fully dispersed into the aqueous component. As such, once
the fat component was fully dispersed as small particles in the
aqueous system, the water holding capacity of the batter was
improved. Additionally, full dispersion of the fat component in the
aqueous component also enhanced formation of smaller air cells
and improved air incorporation (Sikorski, 2004). Work was also
done to produce shelf-stable margarine and soft tub margarine from
palm-based DAG. The shelf-stable margarine prepared from the oil
blend consisting of palm olein:palm kernel oil: palm-based DAG at
the ratio 0f 42.5:42.5:15 (w/w) had similar solid fat content profile
as the commercial shelf stable margarine (Saberi et al., 2011).
Additionally, the author also produced soft tub margarine using
palm-based DAG where the optimum formulation of sunflower oil:
palm kernel olein: palm oil DAG at the ratio of 35:15:50 (w/w) had
almost similar profile as the commercial soft tub margarine (Saberi
etal.,2012).

Apart from the Madeira cake, PDG enriched margarines
consisting of ternary blends of PDG:POo:PS 1V44 at 70:25:05
(DOS720), 70:20:10 (DOS721) and 70:15:15 (DOS711) were
also incorporated into cookies. The cookies prepared from the
different kinds of margarines were well accepted by the panelists.
Trained panelists rated all the cookies as having fair acceptability
(Figure 11). As for panelists’ preference in texture, the panelists
showed lower preference for cookies prepared with PDG-enriched
margarine as compared to cookies prepared with commercial
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margarine CM. This may be due to the softer texture of the cookies
prepared with margarines DOS711, DOS720 and DOS721 as
compared to the snap texture of the cookies prepared with margarine
CM. The aforementioned phenomenon arose due to the higher
polarity of the DAG molecule itself which promoted the retention
of water during baking thereby increasing gluten development and
changing the texture of the cookies from snap type to soft-batch type
(Sikorski, 2004). Meanwhile, cookies prepared with margarine CM
had the highest panelists’ ratings in texture, cohesiveness and color.
Sikorski (2004) studied the effect of DAG-enriched plastic fats on
the characteristics of cakes, cookies and brownies. He found that
although DAG substituted cakes had similar volume as TAG cakes
but the former had a softer texture. As for cookies produced with
DAG-enriched fats, it was found that they had a variety of textures
ranging from snap type to soft-batch type. Meanwhile, there was
no significant difference (p>0.05) between brownies baked with
DAG-enriched fat and TAG fats.

Besides food applications, DAG can also be a potential starting
material for various organic products such as phospholipids,
glycolipids, lipoprotein, pro-drugs such as 1,3-DAG conjugated
chlorambucil for treatment of lymphoma and 1,2-DAG conjugated
(S)-(3,4-dihydroxyphenyl)alanine (L-Dopa) for treatment of
Parkinson’s disease (Garzon-Aburbeh et al. 1986; Garzon-Aburbeh
et al., 1983; Giacometti et al., 2001; Gongalves ef al., 1989).
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Figure 11 Mean panelists’ ratings of cookies prepared from different
margarines determined using qualitative descriptive analysis (QDA).
PDG:POo:PS 1V44 at 70:25:05 (DOS720), 70:20:10 (DOS721) and

70:15:15 (DOS711) (Source: Cheong et al., 2011)

CONCLUSION

Scientists have been playing around with the structure of fats and
oils for many years. With increased understanding about the effects
of certain fatty acids, their chain length, degree of unsaturation
and positional distribution on the metabolism of TAG or DAG,
scientists today are able to construct “healthy fats” which are tailor
made to meet specific nutritional or health requirements. The types
of fatty acids found in naturally available fats and oils may not be
the fatty acid desired by the consumer, nor arranged in the desired
stereochemical order in a single TAG/DAG molecule. The option
would be to modify the existing fats and oils or to synthesize new
ones that have all the desired properties and functions. The modified
or newly synthesized lipids may be the answer to solving the love/
hate relationship consumers have towards traditional fats.
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When Econa cooking oil, which consists of 80% DAG oil, was
approved for sales in Japan and US, it was expected that studies
by other competitors would be accelerated and newer processing,
production and compositions of DAG patents would be filed to
challenge the DAG market. This has not happened. The consumers
were willing to try the new structured lipids such as DAG. The
labelling requirements in several countries were thus revised where
food containing DAG was labelled to inform the consumer of
potential benefits and health implications. However, the industry
was short lived due to the discovery, sometime in 2009-2010, of
glycidol fatty acid esters (GEs) as impurities in refined edible oils
including DAG oil, which raised concerns of possible exposure to
glycidol, a known animal carcinogen, during digestion. There were
also studies indicating a correlation between DAG content in oils
with the formation of glycidol ester. This, then, is a major challenge
to lipid chemists in all fields; to understand the contributions of the
underlying composition and structure of oils to the formation of
glycidol ester, and to use that understanding to intelligently predict
the most advantageous way to mitigate the situation. This issue has
affected the outlook for the commercialization of DAG oil. So, until
the underlying mechanisms and economical mitigation strategies for
removal of glycidol ester in DAG oils is put in place, the potentiality
of DAG oils as “Healthy Fats of the Future” remains uncertain.
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13 PhD and 10 MSc have since graduated. In addition, she has
also been involved in the co-supervision of 18 PhD and 20 MSc
students. The supervision of these students has spanned various
departments, faculties and universities. Many of these PhD and
MSc students eventually became academicians or researchers in
Malaysia, Sri Lanka, Singapore, Indonesia, United States, China,
United Kingdom and Denmark. Oi Ming also acts as an external
examiner for other universities, such as UKM, University of
Nottingham Malaysia and Monash University Malaysia. She has
also been invited to deliver lectures at conferences and workshops
in United States, Netherlands, Vietnam, Thailand, Denmark, China,
Canada and Japan.

Apart from teaching and research, Oi Ming is also involved
in administrative duties at the national and international levels.
She is the Guest Professor at the Department of Food Science
and Engineering, College of Science and Engineering, Jinan
University, China. She is a member of UPM’s Intellectual Property
Evaluation Committee, under the purview of the Putra Science Park
and also serves as a committee member of the Research Working
Committee on Intellectual Property Protection and Licensing,
under the purview of RMC, UPM. She was one of the expert panel
members for SIRIM’s Working Group on Eco-labelling Food
Grade Lubricants. In addition, she is also the external assessor for
promotion to Associate Professor and Professor position at public
and private universities, an assessor of research proposals submitted
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to various government agencies and on the Executive Council Panel
of Experts for Malaysian Laboratories for Academia-Business
Collaboration (MyLAB), Ministry of Higher Education, Malaysia.
In the 17" Commonwealth Conference of Education Ministers
held in Malaysia, she acted as rapporteur during the Minister’s
Opening and Closing ceremonies and assisted in drafting of the Vice
Chancellor’s Mission Statement to the Commonwealth Education
Ministers and the Minister’s communiqué to be brought to CHOGM
(Conference of the Head of Governments Meeting) in 2011. As
an academician, she has frequently contributed to the scientific
community through her role as a regular reviewer of manuscripts
submitted to international peer-reviewed journals. Further, she
is an active member of several professional bodies and scientific
societies. She is happily married to Yee-Ping whom she met in a
laboratory in UPM and the couple is blessed with a boy.
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This inaugural lecture is dedicated to my late father who despite
his humble and modest upbringing has always driven into me
the importance of education and provided me with important
opportunities. Thanks also to my family for their unconditional
support for every choice I have made in my life.

I'am also greatly indebted to Prof. Dr. Hasanah Mohd. Ghazali,
my “guru”, who first introduced me to the field of structured lipids.
I had a good start in my career because I did my PhD under her
supervision. Without her encouragement and guidance, I would not
be standing here today. I am also thankful to Prof. Dr. Tan Chin Ping
and Dr Kamariah Long for their long friendship, support, advice,
jokes and constant encouragement during the more difficult times
of my career. They were always there for me in the good and the bad
times. I must also mention Prof. Datin Paduka Dr. Khatijah Yusoff,
for always encouraging and nurturing my ideas. She has always been
supportive of all my endeavours. Further, to old friends who became
business partners, En. Hishamuddin Mohamed and Ms. Leow Min
Min, thank you for teaching me the intricacies of business. To Mr.
Stanley Tan, General Manager of Shimadzu Malaysia Sdn. Bhd.,
your years of friendship and continuous support mean a lot to me.
Special gratitude also goes to all my Deans of the Faculty of
Biotechnology & Biomolecular Sciences and those from the
former Faculty of Food Science and Biotechnology and Heads
of Department of Bioprocess Technology, past and present, all
colleagues, academic and non-academic staff, for their continuous
support and cooperation. I bow and doff my cap to all of you.

I would also like to take this opportunity to thank all my
postgraduate students who are too many to mention here. They bore
the brunt of my career development and I would like to acknowledge
their contributions. They helped propel me to where I am today.
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Having spent 18 years of my working life in Universiti Putra
Malaysia, I would like to express my gratitude to UPM for providing
me with a conducive environment to excel. I would also like to
express my sincere gratitude to all funding agencies for their support
in pursuing my research. Special mention also goes to Tuan Haji
Khairudin Hashim, Dr. Mohd. Suria Affandi Yusoff, Dr Razam
Abdul Latip and Mr. Ahmadilfitri Noor of Sime Darby Research
Sdn. Bhd. for the grants to pursue and complete the project on
palm-based diacylglycerol.

Isaac Newton once said that “If 1 have seen further than others,
it is by standing upon the shoulders of giants.” This has never rang
more true than at this very moment. I have met so many people who
have motivated, inspired and helped me along the way. The journey
that I had taken would not have been as meaningful and enjoyable
without all of you. It is not possible for me to thank each and every
one of you, but please know that your kindness and support will
always be remembered and treasured.

Finally, thank you to my husband, Yee-Ping, and son, Min Ho,
who listened to me ramble about crazy ideas, watched my back when
I needed it most, forgave me for my shortcomings and pulled me
back on course when I strayed unmoored. I love you both!
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LIST OF INAUGURAL LECTURES

. Prof. Dr. Sulaiman M. Yassin

The Challenge to Communication
Research in Extension

22 July 1989

. Prof. Ir. Abang Abdullah Abang Ali
Indigenous Materials and Technology
for Low Cost Housing

30 August 1990

. Prof. Dr. Abdul Rahman Abdul Razak
Plant Parasitic Nematodes, Lesser
Known Pests of Agricultural Crops

30 January 1993

. Prof. Dr. Mohamed Suleiman
Numerical Solution of Ordinary
Differential Equations: A Historical
Perspective

11 December 1993

. Prof. Dr. Mohd. Ariff Hussein
Changing Roles of Agricultural
Economics

5 March 1994

. Prof. Dr. Mohd. Ismail Ahmad

Marketing Management: Prospects
and Challenges for Agriculture
6 April 1994

. Prof. Dr. Mohamed Mahyuddin Mohd.

Dahan

The Changing Demand for Livestock
Products

20 April 1994

. Prof. Dr. Ruth Kiew

Plant Taxonomy, Biodiversity and
Conservation
11 May 1994

Prof. Ir. Dr. Mohd. Zohadie Bardaie
Engineering Technological
Developments Propelling Agriculture
into the 21st Century

28 May 1994

. Prof. Dr. Shamsuddin Jusop

Rock, Mineral and Soil
18 June 1994

. Prof. Dr. Abdul Salam Abdullah

Natural Toxicants Affecting Animal
Health and Production
29 June 1994

. Prof. Dr. Mohd. Yusof Hussein

Pest Control: A Challenge in Applied
Ecology
9 July 1994

. Prof. Dr. Kapt. Mohd. Ibrahim Haji

Mohamed

Managing Challenges in Fisheries
Development through Science and
Technology

23 July 1994

. Prof. Dr. Hj. Amat Juhari Moain

Sejarah Keagungan Bahasa Melayu
6 August 1994

. Prof. Dr. Law Ah Theem

Oil Pollution in the Malaysian Seas
24 September 1994

. Prof. Dr. Md. Nordin Hj. Lajis

Fine Chemicals from Biological
Resources: The Wealth from Nature
21 January 1995

. Prof. Dr. Sheikh Omar Abdul Rahman

Health, Disease and Death in
Creatures Great and Small
25 February 1995
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Prof. Dr. Mohamed Shariff Mohamed
Din

Fish Health: An Odyssey through the
Asia - Pacific Region

25 March 1995

. Prof. Dr. Tengku Azmi Tengku Ibrahim

Chromosome Distribution and
Production Performance of Water
Buffaloes

6 May 1995

Prof. Dr. Abdul Hamid Mahmood
Bahasa Melayu sebagai Bahasa Ilmu-
Cabaran dan Harapan

10 June 1995

Prof. Dr. Rahim Md. Sail
Extension Education for
Industrialising Malaysia: Trends,
Priorities and Emerging Issues
22 July 1995

Prof. Dr. Nik Muhammad Nik Abd.
Majid

The Diminishing Tropical Rain Forest:
Causes, Symptoms and Cure

19 August 1995

Prof. Dr. Ang Kok Jee

The Evolution of an Environmentally
Friendly Hatchery Technology for
Udang Galah, the King of Freshwater
Prawns and a Glimpse into the Future
of Aquaculture in the 21st Century

14 October 1995

Prof. Dr. Sharifuddin Haji Abdul
Hamid

Management of Highly Weathered Acid
Soils for Sustainable Crop Production
28 October 1995

Prof. Dr. Yu Swee Yean

Fish Processing and Preservation:
Recent Advances and Future
Directions

9 December 1995
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Prof. Dr. Rosli Mohamad
Pesticide Usage: Concern and Options
10 February 1996

Prof. Dr. Mohamed Ismail Abdul
Karim

Microbial Fermentation and
Utilization of Agricultural
Bioresources and Wastes in Malaysia
2 March 1996

Prof. Dr. Wan Sulaiman Wan Harun
Soil Physics: From Glass Beads to
Precision Agriculture

16 March 1996

Prof. Dr. Abdul Aziz Abdul Rahman
Sustained Growth and Sustainable
Development: Is there a Trade-Off 1 or
Malaysia

13 April 1996

Prof. Dr. Chew Tek Ann
Sharecropping in Perfectly
Competitive Markets: A Contradiction
in Terms

27 April 1996

. Prof. Dr. Mohd. Yusuf Sulaiman

Back to the Future with the Sun
18 May 1996

Prof. Dr. Abu Bakar Salleh
Enzyme Technology: The Basis for
Biotechnological Development

8 June 1996

Prof. Dr. Kamel Ariffin Mohd. Atan
The Fascinating Numbers
29 June 1996

Prof. Dr. Ho Yin Wan
Fungi: Friends or Foes
27 July 1996

Prof. Dr. Tan Soon Guan

Genetic Diversity of Some Southeast
Asian Animals: Of Buffaloes and
Goats and Fishes Too

10 August 1996
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Prof. Dr. Nazaruddin Mohd. Jali

Will Rural Sociology Remain Relevant
in the 21st Century?

21 September 1996

Prof. Dr. Abdul Rani Bahaman
Leptospirosis-A Model for
Epidemiology, Diagnosis and Control
of Infectious Diseases

16 November 1996

Prof. Dr. Marziah Mahmood

Plant Biotechnology - Strategies for
Commercialization

21 December 1996

Prof. Dr. Ishak Hj. Omar

Market Relationships in the Malaysian
Fish Trade: Theory and Application

22 March 1997

Prof. Dr. Suhaila Mohamad
Food and Its Healing Power
12 April 1997

. Prof. Dr. Malay Raj Mukerjee

A Distributed Collaborative
Environment for Distance Learning
Applications

17 June 1998

Prof. Dr. Wong Kai Choo
Advancing the Fruit Industry in
Malaysia: A Need to Shift Research
Emphasis

15 May 1999

Prof. Dr. Aini Ideris

Avian Respiratory and
Immunosuppressive Diseases- A Fatal
Attraction

10 July 1999

Prof. Dr. Sariah Meon

Biological Control of Plant Pathogens:

Harnessing the Richness of Microbial
Diversity
14 August 1999
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Prof. Dr. Azizah Hashim

The Endomycorrhiza: A Futile
Investment?

23 October 1999

Prof. Dr. Noraini Abdul Samad
Molecular Plant Virology.: The Way
Forward

2 February 2000

Prof. Dr. Muhamad Awang

Do We Have Enough Clean Air to
Breathe?

7 April 2000

Prof. Dr. Lee Chnoong Kheng
Green Environment, Clean Power
24 June 2000

Prof. Dr. Mohd. Ghazali Mohayidin
Managing Change in the Agriculture
Sector: The Need for Innovative
Educational Initiatives

12 January 2002

Prof. Dr. Fatimah Mohd. Arshad
Analisis Pemasaran Pertanian
di Malaysia: Keperluan Agenda
Pembaharuan

26 January 2002

. Prof. Dr. Nik Mustapha R. Abdullah

Fisheries Co-Management: An
Institutional Innovation Towards
Sustainable Fisheries Industry
28 February 2002

Prof. Dr. Gulam Rusul Rahmat Ali
Food Safety: Perspectives and
Challenges

23 March 2002

Prof. Dr. Zaharah A. Rahman
Nutrient Management Strategies for
Sustainable Crop Production in Acid
Soils: The Role of Research Using
Isotopes

13 April 2002
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Prof. Dr. Maisom Abdullah
Productivity Driven Growth: Problems
& Possibilities

27 April 2002

Prof. Dr. Wan Omar Abdullah
Immunodiagnosis and Vaccination for
Brugian Filariasis: Direct Rewards
from Research Investments

6 June 2002

Prof. Dr. Syed Tajuddin Syed Hassan
Agro-ento Bioinformation: Towards
the Edge of Reality

22 June 2002

Prof. Dr. Dahlan Ismail
Sustainability of Tropical Animal-
Agricultural Production Systems:
Integration of Dynamic Complex
Systems

27 June 2002

Prof. Dr. Ahmad Zubaidi
Baharumshah

The Economics of Exchange Rates in
the East Asian Countries

26 October 2002

Prof. Dr. Shaik Md. Noor Alam S.M.
Hussain

Contractual Justice in Asean: A
Comparative View of Coercion

31 October 2002

Prof. Dr. Wan Md. Zin Wan Yunus
Chemical Modification of Polymers:
Current and Future Routes for
Synthesizing New Polymeric
Compounds

9 November 2002

Prof. Dr. Annuar Md. Nassir

Is the KLSE Efficient? Efficient Market
Hypothesis vs Behavioural Finance

23 November 2002
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Prof. Ir. Dr. Radin Umar Radin Sohadi
Road Safety Interventions in Malaysia:
How Effective Are They?

21 February 2003

Prof. Dr. Shamsher Mohamad

The New Shares Market: Regulatory
Intervention, Forecast Errors and
Challenges

26 April 2003

Prof. Dr. Han Chun Kwong
Blueprint for Transformation or
Business as Usual? A Structurational
Perspective of the Knowledge-Based
Economy in Malaysia

31 May 2003

Prof. Dr. Mawardi Rahmani
Chemical Diversity of Malaysian
Flora: Potential Source of Rich
Therapeutic Chemicals

26 July 2003

Prof. Dr. Fatimah Md. Yusoff

An Ecological Approach: A Viable
Option for Aquaculture Industry in
Malaysia

9 August 2003

Prof. Dr. Mohamed Ali Rajion
The Essential Fatty Acids-Revisited
23 August 2003

Prof. Dr. Azhar Md. Zain
Psychotheraphy for Rural Malays -
Does it Work?

13 September 2003

Prof. Dr. Mohd. Zamri Saad
Respiratory Tract Infection:
Establishment and Control
27 September 2003

Prof. Dr. Jinap Selamat
Cocoa-Wonders for Chocolate Lovers
14 February 2004
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Prof. Dr. Abdul Halim Shaari

High Temperature Superconductivity:
Puzzle & Promises

13 March 2004

Prof. Dr. Yaakob Che Man

Oils and Fats Analysis - Recent
Advances and Future Prospects
27 March 2004

Prof. Dr. Kaida Khalid
Microwave Aquametry: A Growing
Technology

24 April 2004

Prof. Dr. Hasanah Mohd. Ghazali
Tapping the Power of Enzymes-
Greening the Food Industry

11 May 2004

Prof. Dr. Yusof Ibrahim

The Spider Mite Saga: Quest for
Biorational Management Strategies
22 May 2004

Prof. Datin Dr. Sharifah Md. Nor
The Education of At-Risk Children:
The Challenges Ahead

26 June 2004

Prof. Dr. Ir. Wan Ishak Wan Ismail
Agricultural Robot: A New Technology
Development for Agro-Based Industry
14 August 2004

Prof. Dr. Ahmad Said Sajap
Insect Diseases. Resources for
Biopesticide Development

28 August 2004

Prof. Dr. Aminah Ahmad

The Interface of Work and Family
Roles: A Quest for Balanced Lives
11 March 2005

Prof. Dr. Abdul Razak Alimon
Challenges in Feeding Livestock:
From Wastes to Feed

23 April 2005
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84.

85.

86.

87.

88.

89.

Prof. Dr. Haji Azimi Hj. Hamzah
Helping Malaysian Youth Move
Forward: Unleashing the Prime
Enablers

29 April 2005

Prof. Dr. Rasedee Abdullah

In Search of An Early Indicator of
Kidney Disease

27 May 2005

Prof. Dr. Zulkifli Hj. Shamsuddin
Smart Partnership: Plant-
Rhizobacteria Associations

17 June 2005

Prof. Dr. Mohd Khanif Yusop
From the Soil to the Table
1 July 2005

Prof. Dr. Annuar Kassim
Materials Science and Technology:
Past, Present and the Future

8 July 2005

Prof. Dr. Othman Mohamed
Enhancing Career Development
Counselling and the Beauty of Career
Games

12 August 2005

Prof. Ir. Dr. Mohd Amin Mohd Soom
Engineering Agricultural Water
Management Towards Precision
Framing

26 August 2005

Prof. Dr. Mohd Arif Syed
Bioremediation-A Hope Yet for the
Environment?

9 September 2005

Prof. Dr. Abdul Hamid Abdul Rashid
The Wonder of Our Neuromotor
System and the Technological
Challenges They Pose

23 December 2005
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Prof. Dr. Norhani Abdullah

Rumen Microbes and Some of Their
Biotechnological Applications

27 January 2006

. Prof. Dr. Abdul Aziz Saharee

Haemorrhagic Septicaemia in Cattle
and Buffaloes: Are We Ready for
Freedom?

24 February 2006

Prof. Dr. Kamariah Abu Bakar
Activating Teachers’ Knowledge and
Lifelong Journey in Their Professional
Development

3 March 2006

Prof. Dr. Borhanuddin Mohd. Ali
Internet Unwired
24 March 2006

Prof. Dr. Sundararajan Thilagar
Development and Innovation in the
Fracture Management of Animals
31 March 2006

Prof. Dr. Zainal Aznam Md. Jelan
Strategic Feeding for a Sustainable
Ruminant Farming

19 May 2006

Prof. Dr. Mahiran Basri

Green Organic Chemistry: Enzyme at
Work

14 July 2006

Prof. Dr. Malik Hj. Abu Hassan
Towards Large Scale Unconstrained
Optimization

20 April 2007

Prof. Dr. Khalid Abdul Rahim

Trade and Sustainable Development:
Lessons from Malaysia’s Experience
22 June 2007
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99. Prof. Dr. Mad Nasir Shamsudin
Econometric Modelling for
Agricultural Policy Analysis and
Forecasting: Between Theory and
Reality
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13 July 2007

Prof. Dr. Zainal Abidin Mohamed
Managing Change - The Fads

and The Realities: A Look at
Process Reengineering, Knowledge
Management and Blue Ocean
Strategy

9 November 2007

Prof. Ir. Dr. Mohamed Daud

Expert Systems for Environmental
Impacts and Ecotourism Assessments
23 November 2007

Prof. Dr. Saleha Abdul Aziz
Pathogens and Residues; How Safe
is Our Meat?

30 November 2007

Prof. Dr. Jayum A. Jawan
Hubungan Sesama Manusia
7 December 2007

Prof. Dr. Zakariah Abdul Rashid
Planning for Equal Income
Distribution in Malaysia: A General
Equilibrium Approach

28 December 2007

Prof. Datin Paduka Dr. Khatijah
Yusoff

Newcastle Disease virus: A Journey
from Poultry to Cancer

11 January 2008

Prof. Dr. Dzulkefly Kuang Abdullah
Palm Oil: Still the Best Choice
1 February 2008

Prof. Dr. Elias Saion

Probing the Microscopic Worlds by
Lonizing Radiation

22 February 2008
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Prof. Dr. Mohd Ali Hassan
Waste-to-Wealth Through
Biotechnology: For Profit, People
and Planet

28 March 2008

Prof. Dr. Mohd Maarof H. A. Moksin
Metrology at Nanoscale: Thermal
Wave Probe Made It Simple

11 April 2008

Prof. Dr. Dzolkhifli Omar

The Future of Pesticides Technology
in Agriculture: Maximum Target Kill
with Minimum Collateral Damage
25 April 2008

Prof. Dr. Mohd. Yazid Abd. Manap
Probiotics: Your Friendly Gut
Bacteria

9 May 2008

Prof. Dr. Hamami Sahri

Sustainable Supply of Wood and
Fibre: Does Malaysia have Enough?
23 May 2008

Prof. Dato’ Dr. Makhdzir Mardan
Connecting the Bee Dots
20 June 2008

Prof. Dr. Maimunah Ismail
Gender & Career: Realities and
Challenges

25 July 2008

Prof. Dr. Nor Aripin Shamaan
Biochemistry of Xenobiotics:
Towards a Healthy Lifestyle and Safe
Environment

1 August 2008

Prof. Dr. Mohd Yunus Abdullah
Penjagaan Kesihatan Primer di
Malaysia: Cabaran Prospek dan
Implikasi dalam Latihan dan
Penyelidikan Perubatan serta
Sains Kesihatan di Universiti Putra
Malaysia

8 August 2008

117.
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119.

120
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122.

123.

124.

Prof. Dr. Musa Abu Hassan
Memanfaatkan Teknologi Maklumat
& Komunikasi ICT untuk Semua

15 August 2008

Prof. Dr. Md. Salleh Hj. Hassan
Role of Media in Development:
Strategies, Issues & Challenges
22 August 2008

Prof. Dr. Jariah Masud
Gender in Everyday Life
10 October 2008

Prof. Dr. Mohd Shahwahid Haji
Othman

Mainstreaming Environment:
Incorporating Economic Valuation
and Market-Based Instruments in
Decision Making

24 October 2008

Prof. Dr. Son Radu

Big Questions Small Worlds:
Following Diverse Vistas

31 October 2008

Prof. Dr. Russly Abdul Rahman
Responding to Changing Lifestyles:
Engineering the Convenience Foods
28 November 2008

Prof. Dr. Mustafa Kamal Mohd
Shariff

Aesthetics in the Environment an
Exploration of Environmental:
Perception Through Landscape
Preference

9 January 2009

Prof. Dr. Abu Daud Silong
Leadership Theories, Research
& Practices: Farming Future
Leadership Thinking

16 January 2009
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Prof. Dr. Azni Idris

Waste Management, What is the
Choice: Land Disposal or Biofuel?
23 January 2009

Prof. Dr. Jamilah Bakar
Freshwater Fish: The Overlooked
Alternative

30 January 2009

Prof. Dr. Mohd. Zobir Hussein

The Chemistry of Nanomaterial and
Nanobiomaterial

6 February 2009

Prof. Ir. Dr. Lee Teang Shui
Engineering Agricultural: Water
Resources

20 February 2009

Prof. Dr. Ghizan Saleh

Crop Breeding: Exploiting Genes for
Food and Feed

6 March 2009

Prof. Dr. Muzafar Shah Habibullah
Money Demand
27 March 2009

Prof. Dr. Karen Anne Crouse
In Search of Small Active Molecules
3 April 2009

Prof. Dr. Turiman Suandi
Volunteerism: Expanding the
Frontiers of Youth Development
17 April 2009

Prof. Dr. Arbakariya Ariff
Industrializing Biotechnology: Roles
of Fermentation and Bioprocess
Technology

8 May 2009

Prof. Ir. Dr. Desa Ahmad
Mechanics of Tillage Implements
12 June 2009
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140.

141.

142.

143.

Prof. Dr. W. Mahmood Mat Yunus
Photothermal and Photoacoustic:
From Basic Research to Industrial
Applications
10 July 2009

Prof. Dr. Taufiq Yap Yun Hin
Catalysis for a Sustainable World
7 August 2009

Prof. Dr. Raja Noor Zaliha Raja
Abd. Rahman

Microbial Enzymes.: From Earth to
Space

9 October 2009

Prof. Ir. Dr. Barkawi Sahari
Materials, Energy and CNGDI
Vehicle Engineering

6 November 2009

Prof. Dr. Zulkifli Idrus

Poultry Welfare in Modern
Agriculture: Opportunity or Threat?
13 November 2009

Prof. Dr. Mohamed Hanafi Musa
Managing Phosphorus: Under Acid
Soils Environment

8 January 2010

Prof. Dr. Abdul Manan Mat Jais
Haruan Channa striatus a Drug
Discovery in an Agro-Industry
Setting

12 March 2010

Prof. Dr. Bujang bin Kim Huat
Problematic Soils: In Search for
Solution

19 March 2010

Prof. Dr. Samsinar Md Sidin
Family Purchase Decision Making:
Current Issues & Future Challenges
16 April 2010
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Prof. Dr. Mohd Adzir Mahdi
Lightspeed: Catch Me If You Can
4 June 2010

Prof. Dr. Raha Hj. Abdul Rahim
Designer Genes: Fashioning Mission
Purposed Microbes

18 June 2010

Prof. Dr. Hj. Hamidon Hj. Basri
A Stroke of Hope, A New Beginning
2 July 2010

Prof. Dr. Hj. Kamaruzaman Jusoff
Going Hyperspectral: The "Unseen”
Captured?

16 July 2010

"

Prof. Dr. Mohd Sapuan Salit
Concurrent Engineering for
Composites

30 July 2010

Prof. Dr. Shattri Mansor
Google the Earth: What's Next?
15 October 2010

Prof. Dr. Mohd Basyaruddin Abdul
Rahman

Haute Couture: Molecules &
Biocatalysts

29 October 2010

Prof. Dr. Mohd. Hair Bejo

Poultry Vaccines: An Innovation for
Food Safety and Security

12 November 2010

Prof. Dr. Umi Kalsom Yusuf
Fern of Malaysian Rain Forest
3 December 2010

Prof. Dr. Ab. Rahim Bakar
Preparing Malaysian Youths for The
World of Work: Roles of Technical
and Vocational Education and
Training (TVET)

14 January 2011
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Prof. Dr. Seow Heng Fong
Are there "Magic Bullets" for
Cancer Therapy?

11 February 2011

Prof. Dr. Mohd Azmi Mohd Lila
Biopharmaceuticals: Protection,
Cure and the Real Winner

18 February 2011

Prof. Dr. Siti Shapor Siraj
Genetic Manipulation in Farmed
Fish: Enhancing Aquaculture
Production

25 March 2011

Prof. Dr. Ahmad Ismail

Coastal Biodiversity and Pollution:
A Continuous Conflict

22 April 2011

Prof. Ir. Dr. Norman Mariun
Energy Crisis 20507 Global
Scenario and Way Forward for
Malaysia

10 June 2011

Prof. Dr. Mohd Razi Ismail
Managing Plant Under Stress: A
Challenge for Food Security

15 July 2011

Prof. Dr. Patimah Ismail

Does Genetic Polymorphisms Affect
Health?

23 September 2011

. Prof. Dr. Sidek Ab. Aziz

Wonders of Glass: Synthesis,
Elasticity and Application
7 October 2011

Prof. Dr. Azizah Osman

Fruits: Nutritious, Colourful, Yet
Fragile Gifts of Nature

14 October 2011
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Prof. Dr. Mohd. Fauzi Ramlan
Climate Change: Crop Performance
and Potential

11 November 2011

Prof. Dr. Adem Kiligman
Mathematical Modeling with
Generalized Function

25 November 2011

Prof. Dr. Fauziah Othman

My Small World: In Biomedical
Research

23 December 2011

Prof. Dr. Japar Sidik Bujang
The Marine Angiosperms, Seagrass
23 March 2012

Prof. Dr. Zailina Hashim

Air Quality and Children's
Environmental Health: Is Our
Future Generation at Risk?
30 March 2012

Prof. Dr. Zainal Abidin Mohamed
Where is the Beef? Vantage Point
form the Livestock Supply Chain

27 April 2012

Prof. Dr. Jothi Malar Panandam
Genetic Characterisation of Animal
Genetic Resources for Sustaninable
Utilisation and Development
30 November 2012

Prof. Dr. Fatimah Abu Bakar

The Good The Bad & Ugly of Food
Safety: From Molecules to Microbes
7 December 2012

Prof. Dr. Abdul Jalil Nordin

My Colourful Sketches from Scratch:

Molecular Imaging
5 April 2013
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172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Prof. Dr. Norlijah Othman
Lower Respiratory Infections in
Children: New Pathogens, Old
Pathogens and The Way Forward
19 April 2013

Prof. Dr. Jayakaran Mukundan
Steroid-like Prescriptions English
Language Teaching Can Ill-afford
26 April 2013

Prof. Dr. Azmi Zakaria
Photothermals Affect Our Lives
7 June 2013

Prof. Dr. Rahinah Ibrahim
Design Informatics
21 June 2013

Prof. Dr. Gwendoline Ee Cheng
Natural Products from Malaysian
Rainforests

1 November 2013

Prof. Dr. Noor Akma Ibrahim
The Many Facets of Statistical
Modeling

22 November 2013

Prof. Dr. Paridah Md. Tahir
Bonding with Natural Fibres
6 December 2013

Prof. Dr. Abd. Wahid Haron
Livestock Breeding: The Past, The
Present and The Future

9 December 2013

Prof. Dr. Aziz Arshad

Exploring Biodiversity & Fisheries
Biology: A Fundamental Knowledge
for Sustainabale Fish Production

24 January 2014

Prof. Dr. Mohd Mansor Ismail
Competitiveness of Beekeeping
Industry in Malaysia

21 March 2014



182.

183.

184.

185.

186.

187.

188.

189.

190.

Lai Oi Ming

Prof. Dato' Dr. Tai Shzee Yew
Food and Wealth from the Seas:
Health Check for the Marine
Fisheries of Malaysia

25 April 2014

Prof. Datin Dr. Rosenani Abu Bakar
Waste to Health: Organic Waste
Management for Sustainable Soil
Management and Crop Production
9 May 2014

Prof. Dr. Abdul Rahman Omar
Poultry Viruses: From Threat to
Therapy

23 May 2014

Prof. Dr. Mohamad Pauzi Zakaria
Tracing the Untraceable:
Fingerprinting Pollutants through
Environmental Forensics

13 June 2014

Prof. Dr. -Ing. Ir. Renuganth
Varatharajoo

Space System Trade-offs: Towards
Spacecraft Synergisms

15 August 2014

Prof. Dr. Latiffah A. Latiff
Tranformasi Kesihatan Wanita ke
Arah Kesejahteraan Komuniti

7 November 2014

Prof. Dr. Tan Chin Ping

Fat and Oils for a Healthier Future:
Makro, Micro and Nanoscales

21 November 2014

Prof. Dr. Suraini Abd. Aziz
Lignocellulosic Biofuel: A Way
Forward

28 November 2014

Prof. Dr. Robiah Yunus

Biobased Lubricants: Harnessing
the Richness of Agriculture
Resources

30 January 2015

191.

192.

193.

194.

195.

196.

197.

198.

199.

Prof. Dr. Khozirah Shaari
Discovering Future Cures from
Phytochemistry to Metabolomics
13 February 2015

Prof. Dr. Tengku Aizan Tengku Abdul
Hamid

Population Ageing in Malaysia: A
Mosaic of Issues, Challenges and
Prospects

13 March 2015

Prof. Datin Dr. Faridah Hanum
Ibrahim

Forest Biodiversity: Importance of
Species Composition Studies

27 March 2015

Prof. Dr. Mohd Salleh Kamarudin
Feeding & Nutritional Requirements
of Young Fish

10 April 2015

Prof. Dato' Dr. Mohammad Shatar
Sabran

Money Boy: Masalah Sosial Era
Generasi Y

8 Mei 2015

Prof. Dr. Aida Suraya Md. Yunus
Developing Students' Mathematical
Thinking: How Far Have We Come?
5 June 2015

Prof. Dr. Amin Ismail

Malaysian Cocoa or Chocolates: A
Story of Antioxidants and More...
14 August 2015

Prof. Dr. Shamsuddin Sulaiman
Casting Technology: Sustainable
Metal Forming Process

21 August 2015

Prof. Dr. Rozita Rosli

Journey into Genetic: Taking the
Twists and Turns of Life

23 October 2015
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200.

201.

202.

203.

204.

205.

206.

207.

208.

Diacylglycerols: Healthy Fats of the Future?

Prof. Dr. Nor Aini Ab Shukor
The Un(Straight) Truth About Trees
6 November 2015

Prof. Dato' Dr. Ir Mohd Saleh Jaafar
Advancing Concrete Materials and
Systems: The Search Continues

13 November 2015

Prof. Dr. Maznah Ismail
Germinated Brown Rice and
Bioactive Rich Fractions: On
Going Journey form R&D to
Commercialisation

29 April 2016

Prof. Dr. Habshah Midi

Amazing Journey to Robust Statistics
Discovering Outliers for Efficient
Prediction

6 May 2016

Prof. Dr. Mansor Ahmad @ Ayob
Going Green with Bionanocomposites
27 May 2016

Prof. Dr. Fudziah Ismail

Exploring Efficient Numerical Methods
for Differental Equations

23 September 2016

Prof. Dr. Noordin Mohamed Mustapha
Meandering Through the Superb
Scientific World of Pathology: Exploring
Intrapolations

30 September 2016

Prof. Dr. Mohd. Majid Konting
Teaching for Quality Learning: A
Leadership Challenge

21 October 2016

Prof. Dr. Ezhar Tamam

Are University Students Getting Enough
Interethnic Communication and
Diversity Engagement Experiences?
Concerns and Considerations

11 November 2016
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208.

209.

210.

211.

212.

213.

214.

215.

215.

216.

Prof. Dr. Bahaman Abu Samah
Enhancing Extension Research using
Structural Equation Modeling

18 November 2016

Prof. Dr. Wen Siang Tan

Fighting the Hepatitis B Virus: Past,
Present & Future

9 December 2016

Prof. Dr. Mahmud Tengku Muda
Mohamed

Postharvest: An Unsung Solution for
Food Security

20 January 2017

Prof. Dr. Sherina Mohd Sidik

Mental Health in the Community-
Malaysia: A 20-Year Journey of a Family
Medicine Consultant

27 January 2017

Prof. Dr. Zaidon Ashaari

Low Density Wood: From Poor to
Excellent

10 Februari 2017

Prof. Ir. Dr. Mohd Zainal Ab. Kadir
Lightning: A Bolt from the Blue
17 February 2017

Prof. Datin Dr. Rozi Mahmud

No Less Than a Women: Improving
Breast Cancer Detection and Diagnosis
17 Mac 2017

Prof. Dr. Jegatheswaran Ratnasingam
The Malaysian Furniture Industry:
Charting Its Growth Potential

7 April 2017

Prof. Dr. Loh Tech Chewn
Animal Feed: The Way Forward
21 April 2017

Prof. Dr. Lugman Chuah Abdullah
Rigid Ceramic Filters: Numerical
Simulation of The Pressure & Velocity
Distributions

5 May 2017



